Conformal theory of everything by Faria, F. F.
ar
X
iv
:1
90
3.
04
89
3v
3 
 [h
ep
-p
h]
  2
6 F
eb
 20
20
Conformal theory of everything
F. F. Faria ∗
Centro de Cieˆncias da Natureza,
Universidade Estadual do Piau´ı,
64002-150 Teresina, PI, Brazil
Abstract
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1 Introduction
It is well know that the standard model (SM) of particle physics is consistent
with the experiments performed so far on particle accelerators such as the
large hadron collider (LHC). However, the theory presents some problems
such as the hierarchy and the Landau pole problems. Several modifications
of the SM at scales between the electroweak and Planck scales, such as GUT
[1, 2, 3, 4] or SUSY [5, 6, 7, 8, 9, 10, 11, 12, 13], have been proposed to solve
such problems. However, it is likely that there is no new physics beyond the
SM all the way up to the Planck scale [14]. This leads us to suppose that
the SM is a low energy limit of a fundamental theory defined at the Planck
scale. Since gravitational effects are expected to be important around the
Planck scale, it is natural to conjecture that this fundamental theory includes
quantum gravity.
One of the most straightforward ways to extend and unify physical the-
ories is to change the symmetry of their actions. A strong candidate to be
incorporated in the unification of the SM with gravity is the (local) conformal
symmetry, which performs a multiplicative rescaling of all fields according to
Φ˜ = Ω(x)−∆ΦΦ, (1)
where Ω(x) is an arbitrary function of the spacetime coordinates, and ∆Φ is
the scaling dimension of the field Φ, whose values are −2 for the metric field,
0 for gauge bosons, 1 for scalar fields, and 3/2 for fermions.
The consideration of the conformal symmetry as one of the fundamen-
tal symmetries of physics is justified for several reasons. First of all, the
classical SM action and the power spectrum of the cosmic fluctuations are
approximately conformal invariant. Second, the conformal symmetry might
play an important role in the solution of both the hierarchy and the Landau
pole problems [15]. In addition, the black hole complementarity principle
can be explained with the use of the conformal symmetry [16]. Last but not
least, quantum field theories in curved spacetime (for a nice review, see [17])
may become asymptotically conformally invariant in the limit of a strong
gravitational field [18].
The aim of this work is to consistently unify the SM with gravity through
the use of conformal symmetry. In Section 2 we describe a consistent con-
formal theory of quantum gravity, called massive conformal gravity (MCG).
In Section 3 we develop an extended SM conformally coupled with gravity.
In Section 4 we combine MCG with the extended SM to form what we call
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conformal theory of everything (CTOE). Finally, in Section 5 we present our
conclusions.
2 Gravity
The conformally invariant theory of gravity that we consider here is MCG,
whose action is given by1 [19]
SMCG =
∫
d4x
√−g
[
ϕ2R + 6∂µϕ∂µϕ− 1
2α2
C2
]
, (2)
where ϕ is a scalar field called dilaton, α is a dimensionless coupling constant,
C2 = CαβµνCαβµν = E + 2W (3)
is the Weyl tensor squared, E = RαβµνRαβµν + R
2 − 4RµνRµν is the Euler
density, W = RµνRµν − (1/3)R2, Rαµβν is the Riemann tensor, Rµν = Rαµαν
is the Ricci tensor, and R = gµνRµν is the scalar curvature.
It is worth noting that in addition to the conformally invariant action (2),
MCG also has conformally invariant geodesic equation
d2xλ
dτ 2
+ Γλµν
dxµ
dτ
dxν
dτ
+
1
ϕ
∂ϕ
∂xρ
(
gλρ +
dxλ
dτ
dxρ
dτ
)
= 0, (4)
and line element
ds2 = (ϕ/ϕc)
2gµνdx
µdxν , (5)
where Γλµν is the Levi-Civita connection and ϕc is a constant scalar field.
Although the theory has not yet been fully tested with classical tests2, only
its quantum behavior, which will be addressed in more detail next, is relevant
to this work.
By imposing the background field expansions3
gµν = ηµν + αhµν , ϕ = ϕc + σ, (6)
1This action is obtained from the action of Ref. [19] by rescaling ϕ →
(√
32piG/3
)
ϕ
and considering m = (
√
3/32piG)α.
2So far it has been shown that the MCG potential describes well the rotation curves of
galaxies without dark matter [20] and the theory is free of the vDVZ discontinuity [19].
3The values ηµν and ϕc of the classical background fields are obtained by comparing
(5) with the flat line element ds2 = ηµνdx
µdxν .
2
and keeping only the terms of second order in the quantum fields hµν and σ,
we find that (2) reduces to the linearized MCG action
S¯MCG =
∫
d4x
[
m2L¯EH + 2mσR¯ + 6∂µσ∂µσ −
(
R¯µνR¯µν − 1
3
R¯2
)]
, (7)
where m = αϕc is the graviton mass,
L¯EH = −1
4
(
∂ρhµν∂ρhµν − 2∂µhνρ∂ρhµν + 2∂µhµν∂νh− ∂µh∂µh
)
(8)
is the linearized Einstein-Hilbert Lagrangian density,
R¯µν =
1
2
(∂µ∂
ρhρν + ∂ν∂
ρhρµ −hµν − ∂µ∂νh) (9)
is the linearized Ricci tensor, and
R¯ = ∂µ∂νhµν −h (10)
is the linearized scalar curvature, with  = ∂µ∂µ and h = η
µνhµν .
The linearized action (7) is invariant under the coordinate gauge trans-
formation
hµν → hµν + ∂µχν + ∂νχµ, (11)
where χµ is an arbitrary spacetime dependent vector field, and under the
conformal gauge transformations
hµν → hµν + ηµνΛ, σ → σ − 1
2
Λ, (12)
where Λ is an arbitrary spacetime dependent scalar field. As usual, these
gauge symmetries require the addition of gauge fixing and Faddeev-Popov
ghost terms.
In order to no part of the graviton propagator to fall off slower than p−4
for large momenta, we choose the gauge fixing terms
S¯GF1 = − 1
2ξ1
∫
d4x
(
m2 −)(∂µhµν − 1
2
∂νh
)2
, (13)
S¯GF2 =
1
6ξ2
∫
d4x
(
R¯− 6ξ2mσ
)2
, (14)
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and its corresponding Faddeev-Popov ghost terms
S¯FP1 =
∫
d4x c˜µcµ, (15)
S¯FP2 = 2
∫
d4x c˜
(
− ξ2m2
)
c, (16)
where ξ1 and ξ2 are coordinate and conformal gauge fixing parameters, (c˜
µ)cµ
is a vector (anti-ghost)ghost field, and (c˜)c is a scalar (anti-ghost)ghost field.
Integrating by parts, and performing a long but straightforward calcula-
tion, we can write S¯ = S¯MCG + S¯GF1 + S¯G2 + S¯FP1 + S¯FP2 in the form
S¯ = −
∫
d4x
{
1
4
hµν
[ (
−m2)P (2)µν,αβ − 2ξ2 (− ξ2m2)P (0−s)µν,αβ
+
1
2ξ1
(
−m2)(2P (1)µν,αβ + 3P (0−s)µν,αβ −√3(P (0−sw)µν,αβ − P (0−ws)µν,αβ )
+P
(0−w)
µν,αβ
)]
hαβ + 6σ
(
− ξ2m2
)
σ − c˜µcµ − 2c˜
(
− ξ2m2
)
c
}
,
(17)
where
P
(2)
µν,αβ =
1
2
(θµαθνβ + θµβθνα)− 1
3
θµνθαβ , (18)
P
(1)
µν,αβ =
1
2
(θµαωνβ + θµβωνα + θναωµβ + θνβωµα) , (19)
P
(0−s)
µν,αβ =
1
3
θµνθαβ , (20)
P
(0−w)
µν,αβ = ωµνωαβ , (21)
P
(0−sw)
µν,αβ =
1√
3
θµνωαβ, (22)
P
(0−ws)
µν,αβ =
1√
3
ωµνθαβ , (23)
are the spin projectors, with θµν = ηµν − ωµν and ωµν = ∂µ∂ν/2 being the
transverse and longitudinal projectors.
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By inverting the kinetic matrix of hµν shown in (17) and going over to
momentum space, we obtain the MCG graviton propagator
Dµν,αβ = −i
{
2P
(2)
µν,αβ(p)
p2 (p2 +m2)
+
ξ1
[
2P
(1)
µν,αβ(p) + 4P
(0−w)
µν,αβ (p)
]
p2 (p2 +m2)
−
ξ2
[
P
(0−s)
µν,αβ (p) +
√
3
(
P
(0−sw)
µν,αβ (p) + 3P
(0−ws)
µν,αβ (p)
)
+ 3P
(0−w)
µν,αβ (p)
]
p2 (p2 + ξ2m2)
}
.
(24)
The p−4 behavior of all terms of this propagator at high energies makes the
theory power-counting renormalizable4 [22, 32]. Writing the propagator (24)
in the form
Dµν,αβ = −i 2
m2
[
1
p2
− 1
p2 +m2
]
P
(2)
µν,αβ(p) + gauge terms, (25)
we can see that the renormalizability of the theory is achieved at the cost of
the emergence of a massive ghost pole at p2 = −m2 with negative residue, in
addition to the usual massless graviton pole at p2 = 0 with positive residue.
In most cases, the presence of a ghost violates the unitarity of the theory.
However, the fact that the mass of the MCG ghost is above the normal
threshold of the massless graviton production makes it unstable. In this case,
the ordinary perturbation theory breaks down and we must use a modified
perturbation series in which the bare propagator D(p2) is replaced by the
dressed propagator [23]
D(p2) =
[
D−1(p2)− Π(p2)]−1 , (26)
where Π(p2) is the sum of all one-particle irreducible (1PI) self-energy parts.
We can find the dressed MCG graviton propagator by couplingN fermionic
fields to the action (7), carrying out a 1/N expansion, and using the Cauchy’s
integral theorem. The result of such calculation can be written in the spectral
form [24]
Dµν,αβ = −i 2
m2
[
1
p2
+
R
p2 −M2 +
R∗
p2 −M∗2 +
1
2π
∫
C
ρ(a)
p2 − a da
]
P
(2)
µν,αβ(p)
+ gauge terms, (27)
4The propagator (24) reduces to the propagator considered in Refs. [21, 22] after the
imposition of the Feynman gauge ξ1 = ξ2 = 1.
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where M and M∗ are the positions of a complex-conjugate pole pair, R and
R∗ are the corresponding residues of the complex poles, ρ(a) is a spectral
function of the continuum states, and C is an appropriate path in the complex
plane.
In the place of the unstable massive ghost pole found in the bare propa-
gator (25), the dressed propagator (27) has a pair of complex-conjugate poles
in the physical riemannian energy sheet. By using the Becchi-Rouet-Stora-
Tyutin (BRST) method [25, 26, 27, 28], and the Ward-Takahashi identities
[29, 30], we find the Nielsen identities [31] for the position of the complex
massive pole M5 [32]
∂M2
∂ξ1
= 0, (28)
∂M2
∂ξ2
+ C(σ̂, ξ2)
∂M2
∂σ̂
6= 0, (29)
where C(φ̂, ξ2) is determined order by order in the loop expansion of the
theory and σ̂ is the vacuum expectation value of σ.
According to (28) and (29), the position of the complex massive pole M
is independent of ξ1 but depends on ξ2. Similarly, we can show that the same
is valid for the position of the complex massive pole M∗. This means that
we can move the positions of the complex massive poles around by varying
ξ2, which causes the excitations represented by the complex poles do not
contribute to the gauge-invariant absorptive part of the S-matrix. Thus, the
S-matrix connects only asymptotic states with positive norm, leading to the
unitarity of the theory.
In order to verify the possibility for spontaneous symmetry breaking in
MCG, we need to analyze the effective potential of the dilaton field ϕ, which
5The presence of the extra  in (13) does not affect the results of Ref. [32].
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in the one-loop approximation is given by6 [33]
V
(1)
eff (ϕc, gˆµν) =
√
−gˆϕ2cRˆ +
√−gˆ
2(4π)2
{(
log
ϕ2c
µ2
+
3
2
)(
10
9
Cˆ2 +
985
72
Wˆ
)
+
1
4!
ϕ4c
[
5α4
(
log
ϕ2c
µ2
− 25
6
)
+
1
µ4
(
10
9
Cˆ2 +
985
72
Wˆ
)]
− 2
µ2
ϕ2c
(
10
9
Cˆ2 +
985
72
Wˆ
)}
, (30)
where µ is a renormalization mass scale. Considering the background field
equation
δSMCG
δϕ
∣∣∣∣∣
gµν=gˆµν ,ϕ=ϕc
= 2
√
−gˆϕcRˆ = 0, (31)
we can see from (30) that the effective potential has a minimum ϕc = ϕ0 away
from the origin. This means that quantum corrections of the dilaton field
ϕ spontaneously breaks the conformal symmetry via the Coleman-Weinberg
mechanism [34].
After the spontaneous breaking of the conformal symmetry, the MCG
action (2) becomes
SMCG =
∫
d4x
√−g
[
M2P
2
R− 1
2α2
C2
]
, (32)
where
M2P = 2ϕ
2
0 (33)
is the reduced Planck mass. We can conclude from (33) that ϕ0 is of the
order of the Planck scale. It is worth noting that before the spontaneous
breaking of the conformal symmetry at the Planck scale, where the vacuum
expectation value of ϕ vanish, we haveMP = 0, which solves the gravitational
singularity problems.
6Just as in the flat case, the values gˆµν and ϕc of the classical background fields are
obtained by comparing (5) with the arbitrary curved line element ds2 = gˆµνdx
µdxν .
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3 Matter
Here, we follow the GR nomenclature and call “matter” all the fields of nature
that are source of gravity, with the exception of the gravitational field itself.
As in the case of the gravitational action, the actions of the matter fields
should be conformally invariant in the model considered here. In addition,
we consider that such actions couple with gravity through the interaction
of the matter fields with the metric field only and not with the dilation
field. The description of the matter actions conformally coupled with gravity
follows below.
3.1 Yang-Mills
The Yang-Mills (YM) theory [35] describes the dynamics of 12 gauge fields
(spin-1 bosons), namely, 1 photon Aµ, which mediates the electromagnetic in-
teraction, 3 weak bosonsW±µ and Z
0
µ, which mediate the charged and neutral
current weak interactions, and 8 gluons Gaµ (a = 1, 2, . . . , 8), which mediate
the strong interactions. Since the standard YM action in flat spacetime is al-
ready conformally invariant, its conformal coupling with gravity is performed
only through the minimal coupling ηµν → gµν and d4x→ d4x√−g.
The YM action conformally coupled with gravity is given by
SCYM = −1
4
∫
d4x
√−g [gµαgνβ (BµνBαβ +W iµνW iαβ +GaµνGaαβ)] , (34)
where
Bµν = ∂µBν − ∂νBµ (35)
is the field strength of the Bµ gauge field that corresponds to the phase
transformations U(1)Y symmetry group,
W iµν = ∂µW
i
ν − ∂νW iµ − ηgǫijkW jµW kν (36)
is the field strength of the W iµ (i = 1, 2, 3) gauge fields that correspond to
the chiral SU(2)L symmetry group, and
Gaµν = ∂µG
a
ν − ∂νGaµ − ηsgsfabcGbµGcν (37)
is the field strength of theGaµ gauge fields that correspond to the color SU(3)C
symmetry group.
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In (36) and (37), we have that η = ±1, g is the coupling constant asso-
ciated with the SU(2)L group, ǫ
ijk is the Levi-Civita symbol, ηs = ±1, gs
is the coupling constant associated with the SU(3)C group, and f
abc are the
structure constants of the SU(3)C group, satisfying [T
a, T b] = ifabcT c, with
T a being the generators of the SU(3)C group, which can be represented by
the Gell-Mann matrices λa according to T a = (1/2)λa. Note that the generic
signs in the η parameters are necessary to specify the different notations
found in literature.
3.2 Higgs
The Higgs field was introduced in the SM for the mass terms of the W and
Z gauge bosons, and fermions, to become SU(2)L×U(1)Y invariant [36, 37].
However, the explicit mass term of the Higgs boson breaks the conformal
symmetry of the theory. This problem can be fixed if we consider that the
Higgs mass is generated by the symmetry breaking of an additional scalar
field.
The Higgs action conformally coupled with gravity that we consider here
is7
SCH = −
∫
d4x
√−g
[
1
6
(H†H)R + gµν (DµH)†DνH
+
1
12
φ2R +
1
2
gµν∂µφ∂νφ+ V (H, φ)
]
, (38)
where
H =
(
H+
H0
)
(39)
is the Higgs doublet field with 2 complex scalar fields H+ and H0, φ is a real
scalar singlet field,
DµH =
(
∂µ + iηgT
iW iµ + iη
′g′ηY Y Bµ
)H (40)
7Similar actions are considered in different approaches (see, e.g., [38, 39, 40]), but in
all of them the additional scalar field is a ghost, which is necessary in order to obtain
a positive gravitational constant. However, since the gravitational part (MCG) of the
model considered here already has a scalar ghost (dilaton field), it is not necessary that
the additional scalar field in (38) to be a ghost.
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is the SU(2)L × U(1)Y gauge covariant derivative for the Higgs field, and
V (H, φ) = λ1
4
(H†H)2 + λ2
2
φ2
(H†H)+ λ3
4
φ4 (41)
is the conformal Higgs potential, with λ1, λ2 and λ3 being dimensionless
coupling constants.
We have in (40) that T i are the generators of the SU(2)L group, satisfying
[T i, T j] = iǫijkT k, η′ = ±1, g′ is the coupling constant associated with the
U(1)Y group, ηY = ±1, and the hypercharge Y is the generator of the U(1)Y
group, which is related to the electron charge Q and the T 3 generator of the
SU(2)L group by Q = T
3 + ηY Y . We can represent the generators of the
SU(2)L group in the form T
i = (i/2)σi, where σi are the Pauli matrices.
It is worth noting that besides the Higgs field being coupled with the
scalar field φ, it also couples with the fermions. In addition, the SU(3)C ×
SU(2)L×U(1)Y symmetry allows us to couple φ with the high-handed neutri-
nos. Because of this we will investigate the spontaneous symmetry breaking
in the matter part of the model considered here only after the introduction
of the Yukawa interactions in Subsection 3.4.
3.3 Fermions
The fermions are composed by 6 leptons eM and νM , and 6 quarks u
C
M and
dCM , where M = 1, 2, 3 is the generation index such that eM is the electron,
the muon or the tau, νM is the corresponding neutrino, u
C
M is either the up,
charm or top quark, and dCM is the down, strange or bottom quark, with
C = 1, 2, 3 corresponding to the three types of SU(3) color R, G, B.
By conformally coupling the SM fermion action with gravity, we find
SCF = −
∫
d4x
√−g
(∑
ψL
iψ¯L /DψL +
∑
ψR
iψ¯R /DψR
)
, (42)
where summation over the generation and color indices is implied, ψ¯ = ψ†γ0
is the adjoint fermion field,
/DψL = e
µ
aγ
a
(
∂µ + iηgT
iW iµ + iη
′g′ηY Y Bµ − i
4
ωµab
[
γa, γb
])
ψL (43)
is the full gauge covariant derivative for the left-handed fermions
ψL = L,Q =
(
νL
eL
)
,
(
uL
dL
)
, (44)
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and
/DψR = e
µ
aγ
a
(
∂µ + iη
′g′ηY Y Bµ − i
4
ωµab
[
γa, γb
])
ψR (45)
is the full gauge covariant derivative for the right-handed fermions
ψR = νR, eR, uR, dR. (46)
In (43) and (45), we have that eµ
a are the tetrad fields, γa are the Dirac
matrices, which satisfy the anticommutation relation {γa, γb} = 2ηab, and
ωµ
a
b = eλ
aeνbΓ
λ
µν − eλb∂µeλa is the spin connection.
3.4 Yukawa
The SM Yukawa action describes the interaction of the fermions with the
Higgs field. These interactions are responsible for generating the masses of
the fermions, with the exception of the neutrinos, when quantum corrections
of the Higgs field spontaneously breaks the SU(2)L × U(1)Y (electroweak)
symmetry. Including an extra interaction of the Higgs field with the neu-
trinos, the latter acquire similar masses to the other particles in the SM
instead of the small masses found in nature. One way to solve this problem
is through the see-saw mechanism [41], which assumes the SM interactions of
the fermions with the Higgs field and introduces a Majorana mass term for
the right-handed neutrinos. However, the Majorana mass term breaks the
conformal symmetry of the theory. Therefore, in order to make the theory
conformally invariant, we can consider that the neutrino masses are generated
by the symmetry breaking of the scalar field φ.
The resulting conformally invariant Yukawa action coupled with gravity
reads
SCY = −
∫
d4x
√−g
(
L¯Y eHeR + Q¯Y uH˜uR + Q¯Y dHdR
+ L¯Y νH˜νR + νTRY MCφνR + h.c.
)
, (47)
where summation over the generation and color indices is assumed, Y e, Y u
and Y d are the usual Yukawa matrices of the SM, Y ν is a complex matrix that
mediates the coupling of the SM fields to the right-handed neutrinos, Y M
is a real diagonal matrix that describes the interactions of the right-handed
neutrinos with the scalar field φ, and H˜ = iσ2H†.
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4 Full theory
Finally, putting together all the pieces of the previous sections, we arrive at
the CTOE action
SCTOE = SMCG + SCYM + SCH + SCF + SCY, (48)
where SMCG, SCYM, SCH, SCF and SCY are given by (2), (34), (38), (42) and
(47), respectively. Note that we do not explicitly consider possible gauge-
fixing terms as well as the compensating Faddeev-Popov ghost terms in (48).
Now that we have introduced the Yukawa interactions, we can investigate
the spontaneous symmetry breaking in the matter part of (48). However,
due to the existence of two interacting scalar fields in (41), determining the
minimum of the matter effective potential is quite cumbersome. However,
in the absence of gravity, CTOE reduces to an extended SM theory called
conformal standard model [42], whose results will be described briefly here.
The use of the standard formulas [43] gives the matter effective potential in
the one-loop approximation
V
(1)
eff (hˆ, φˆ) =
λ1hˆ
4
4
+
λ2φˆ
2hˆ2
2
+
λ3φˆ
4
4
+
3
256π2
(λ1hˆ
2 + λ2φˆ
2)2 ln
(
λ1hˆ
2 + λ2φˆ
2
v2
)
+
1
64π2
F 2+ ln
(
F+
v2
)
+
1
64π2
F 2− ln
(
F−
v2
)
− 6
32π2
y4t (hˆ
2)2 ln
(
hˆ2
v2
)
− 1
32π2
y4M φˆ
4 ln
(
φˆ2
v2
)
, (49)
where hˆ = Hˆ†Hˆ and φˆ are the Higgs and extra scalar background fields, v is
a renormalization mass scale,
4F± = ±
{ [
(3λ1 − λ2) hˆ2 − (3λ3 − λ2) φˆ2
]2
+ 16λ22φˆ
2hˆ2
}1/2
+ (3λ1 + λ2) hˆ
2 + (3λ3 + λ2) φˆ
2, (50)
yt = Y
u
33 is the top quark Yukawa coupling, and y
4
M = Tr
(
Y M
)4
.
Note that (49) cannot be minimalized analytically but only numerically,
which is beyond the scope of this paper. However, based in the trial-and-
error method performed in Ref. [42], we can state that (49) has a minimum
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that lies at h0 and φ0. For the theory to exhibit neither Landau poles nor
instabilities up till the Planck scale (∼ 1019 GeV), the values of both h0 and
φ0 must be of the order of the electroweak scale (∼ 102 GeV), which means
that the electroweak symmetry is spontaneously broken by quantum correc-
tions of both h and φ. After the spontaneous breaking of the electroweak
symmetry, the gauge bosons and fermions, with the exception of the right-
handed neutrinos, acquire masses as in the standard model. In addition, the
interactions of the Higgs field and the right-handed neutrinos with φ, allow
that the observed masses of these fields be generated after the spontaneous
breaking of the electroweak symmetry. Since all masses of the CTOE mat-
ter fields are generated by spontaneous symmetry breaking and the CTOE
matter couplings are dimensionless, the matter part of the theory is also
renormalizable.
Before finishing, it is worth noting that most conformal quantum field the-
ories in an external gravitational field present the conformal (trace) anomaly
gµνTµν =
2√−g g
µν δΓ
δgµν
=
1
(4π)2
(
β1Eˆ + β2Wˆ + β3Rˆ
2 + β4Rˆ
)
, (51)
where Tµν is the energy-momentum tensor and Γ is the effective action of
the theory. In the case of CTOE, however, the possible conformal anomaly
in the matter part of the theory must be canceled by the contribution of its
gravitational part (MCG). We can see this by considering that the CTOE
effective action obeys the stationary condition8
δΓCTOE
δgµν
=
δΓMCG
δgµν
+
δΓM
δgµν
= 0, (52)
where ΓM = ΓCYM + ΓCH + ΓCF + ΓCY is the effective action of the matter
part of the theory. Multiplying (52) by 2gµν/
√−g, we arrive at
gµνT
µν
CTOE = gµνT
µν
MCG + gµνT
µν
M = 0, (53)
which means that CTOE is anomaly free.
5 Final remarks
We have constructed here a consistent theory of everything by conformally
coupling SM with gravity. In the gravitational part of the theory there is a
8The fact that CTOE is renormalizable makes the stationary condition of its action
not modified by radiative corrections.
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scalar field called dilation whose quantum corrections spontaneously breaks
the conformal symmetry at the Planck scale. In addition, the electroweak
symmetry is spontaneously broken by quantum corrections of the Higgs field
and an extra scalar field introduced in the matter part of the theory. This
causes all scales of the theory to be generated by spontaneous breaking of
symmetry, which solves at the same time the SM and gravitational singularity
problems.
Besides being at energies far beyond the reach of current particle accel-
erators, the dilaton field does not interact with matter and thus it is not
detectable. The energy of the extra scalar field, on the other hand, is of the
same order as the Higgs field energy, which makes possible to detect it at
the LHC. However, this detection is not trivial because the Higgs field can
oscillate into the extra scalar field, and vice versa, which provides a singular
signature. We hope that in the near future the theory attract the attention of
particle physics experimental groups and that the search for the extra scalar
field begins.
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